Introduction
The coastal waters of Alexandria have recently become heavily polluted; over 183x10 6 charge. Other pressures in the E.H. include fishing.
The increase of waste influxes from different sources has led to an increase of eutrophication levels. The impact of eutrophication on phytoplankton production and composition is well documented in literature. Phytoplankton composition and succession in relation to environmental parameters in the E.H have been studied over several annual cycles prior to and after the Aswan High Dam became functional (HASSAN, 1972; SULTAN, 1975; HALIM et al., 1980) . The chemical composition of the harbour water in relation to pollution has been assessed by SHRIDAH (1982) .
The aim of the present study is to evaluate the eutrophic status of the E.H after closing the ten outlets, in relation to some physico-chemical parameters.
Materials and Methods
Sampling was carried out monthly throughout the period from October 2004 to October 2005 at two depths (surface and near bottom water layer). Nine stations were chosen, eight of them covered the different ecological areas of the harbour (Sts. 2 to 9), while the other one was situated outside the harbour; open sea station (St. 1) as shown in Figure (1) .
Two litres of water samples were collected monthly by using a Rutiner bottle sampler from each of the selected stations (1-9), one for estimation of chemical parameters and the other for estimation of phytoplankton abundance.
Dissolved oxygen (DO) was analyzed according to the modified Winkler's method. The pH was measured in-situ using a portable pH meter (Orion pHmeter). The nutrients (nitrate; nitrite; ammonia; phosphate and silicate) were determined colorimetrically (A.P.H.A., 1995; GRASSHOFF, 1976 ) using a UVVisible Spectrophotometer (Shimadzu double beam Model 150-02).
Estimation of the phytoplankton density was carried out by the sedimentation method, the sample was preserved in 4% neutral formalin. The different species were counted and the results expressed as unit per litre because Cyanophyceae contain filaments (20 cells long expressed as unit) and coemobia (100 cells expressed as unit), for this we estimate the total phytoplankton as unit per litre. Various key books and papers were consulted for the identification of phytoplankton species.
Correlation coefficient as well as stepwise multiple regression equations by using a Minitap programme at a confidence limit 95% (P≤0.05,) were estimated separately for the open sea station and the E.H. stations at both surface water (n= 79) and at near bottom water layer (n= 29) to determine the phytoplankton standing crop in relation to the most relative physico-chemical parameters.
Results and Discussion

I. Chemical Parametrs
Temperature is an important physical factor influencing the growth of planktonic plants. The annual average water temperature was 22.10AEC with an amplitude of 14.9AEC (EL-GEZIRY & MAIYZA, 2006) . The diurnal and annual seawater temperature cycle is directly affected by solar radiation and seasonal change in air temperature. It seems to have a pronounced effect on the rate of phytoplankton photosynthesis as well as on its productivity and its community structure and species abundance.
The salinity variations are of particular significance as they reflect changes caused by the mixing of both fresh and sea water (TADROS et al., 2005 Concentration of Dissolved Oxygen (DO) in natural water is generally changeable and represents a momentum balance between the rate of supply and consumption. The studied stations are well oxygenated with more content in the surface water than near the bottom layer. The open sea station had averages of 8.48 ±1.75 mg/l for surface water and 7.40 ±1.87 mg/l for the near bottom layer.
Inside the E.H., the concentration of DO in the surface water layer ranged between 5.08 mg/l at station 8 during May and 11.71 mg/l at station 6 during April with an average of 8.17 mg/l. There is a significant negative correlation between DO and water temperature (r = 0.27). A negative correlation between pH and DO was deduced. The DO contents clearly indicate that the present load of organic matter and nutrients reaching the harbour are below the level that can lead to oxygen deficiency. The DO content in the bottom water was lower than that of the surface water.
Nutrients
Ammonia is the nitrogenous end product of the bacterial decomposition of natural organic matter containing nitrogen (TADROS et al., 2005) . Ammonia content at station 1 was slightly lower than at those inside the EH. It ranged between 0.9 -6.26 ÌM in the surface water and 0.27 -2.57 ÌM in the near bottom water layer. A considerable monthly variation in ammonia levels was observed at the E.H. during the period of study. The values ranged between 18.90 ÌM (St. 2, October 05) and 0.41 ÌM (St. 9, August) in the surface water. The highest values were recorded in winter (December, January and February) and coincided with highest nitrite and nitrate (r = 0.24, 0.27, respectively) values. Generally, the level of ammonia was higher in the bottom water than that of the surface water. Ammonia has been recognized as an important alternative nitrogen source for various aquatic plants and in most environments may even be assimilated in preference to nitrate ABDEL-HALIM, 2004 . Most species of phytoplankton utilize ammonium ions in preference to other inorganic nitrogen forms which clearly appeared during summer (HARVEY, 1974 ). This appears from the negative correlation between ammonia and total phytoplankton. Significant negative correlations were calculated between ammonia and both water temperature and pH (r = -0.23 and -0.28, respectively).
Nitrite appears in water resulting from biochemical oxidation of ammonia (Nitrification) NESSIM et al., 2005. Nitrate is the most stable form of inorganic nitrogen in oxygenated water. It is the end product of the nitrification process in natural water. The average values in station 1 were 5.49 ÌM ± 7.70 for the surface water and 2.40 ÌM ±2.45 for the near bottom water, with the highest value of 23.18 ÌM detected in the surface water during December. Nitrate concentrations in the surface water of the E.H. stations were usually higher than those of the near bottom layer. They ranged between 0.01 ÌM (St. 6, June) and 28.57 ÌM (St. 9, December) with an average of 4.00 ÌM.
The nitrate concentration at station 1 showed the highest value of 23.18 ÌM during December in the surface water. The averages for the nitrate at the open sea station were 5.49 ÌM ± 7.70 and 2.40 ÌM ±2.45 for the surface and near bottom waters, respectively. In the E.H. stations the minimum concentration was 0.01 ÌM recorded at station 6 during June. The maximum nitrate concentration, 28.57 ÌM, was determined at station 9 during December in the surface water. It is observed that the nitrate content near the bottom layer was lower than that of the surface water and ranged between 0.38 -31.0 ÌM (the annual averages were 4.00 and 3.53 ÌM for the surface and near bottom water, respectively). The highest concentrations of nitrate were determined in the winter months, while the lower nitrate contents were determined during the summer months (Table 1) .
Reactive Inorganic Phosphate
Phosphorus is a very important factor for the growth and reproduction of phytoplankton. The environmental significance of phosphorus arises out of its role as a major nutrient for both plant and micro organisms. Variations of inorganic reactive phosphate are shown in Table 1 . Reactive phosphate concentrations were lower at the open sea station than in the E.H. In the E.H. phosphate concentrations were usually below 1 ÌM, with the exception of 3.36 and 2.11 ÌM measured at stations 8 and 2 respectively during December,. found in the western part of the harbour, which is suffering from the activities of a large number of fishing boats. Based on the average variation of reactive inorganic phosphate, there is a decreasing trend with depth (0.51 and 0.44 ÌM for surface and near bottom water, respectively). When reactive inorganic phosphate is present in large quantities, it causes eutrophication to certain extent, after which it becomes a potential pollutant.
EH
Reactive silicate
The silicate content in the open sea station was lower in the surface water compared to the E.H. It fluctuated between 0.9 -4.39 ÌM and 0.34 -9.98 ÌM for surface and near bottom waters, respectively. The changes in silicate values at the E.H. were found to follow more or less those of phosphate. In surface water, the content of silicate ranged between 0.29 and 8.44 ÌM recorded during February at station 9 and station 2 respectively, during December. The values of the silicate content in the bottom water showed a wide variation and ranged between 0.35 and 26.08 ÌM determined at station 2 and 5, respectively, during June. Generally, the near bottom water content of silicate was higher than that of the surface water, this may be attributed to the precipitation process or to silicate absorption from the particulate matter.
A relatively low silicate content observed during October 2004 and February may be attributed to utilization of silicate by the phytoplankton whose population was increased. This is confirmed with a significant negative correlation between silicate content and total phytoplankton population (r = -0.33). The uptake of silicate by diatoms during winter affected its content where low content was recorded. The same observation was recorded in Alexandria coastal water NESSIM, 1991; ABOU-TALEB, 2004 .
During the study period, stations 2, 8 and 9 showed high concentrations of silicate. This may be attributed to wastewater inflow and/or to the fishing activities at those stations.
A strong significant correlation between silicate and ammonia, nitrite and nitrate was calculated (r = 0.26, 0.21 and 0.32 respectively). Bacillariophyceae contributed 50 and 61 taxa, Dinophyceae 13 and 18 species, Chlorophyceae 3 and 6 species, Cyanophyceae 6 and 7 species and Euglenophyceae 2 and 4 species, respectively to a total taxa content of 74 at the open sea station and 96 at the E.H. stations.
II. Biological Parametrs
The majority of species presented in Table 2 have been previously recorded in the Alexandria coastal waters. Of these, only four species are recorded as dominant and four as frequent. Compared with a previous study in the E.H (HUSSIEN, 1994) only five species were newly recorded as rare forms in this study.
Generally phytoplankton density (Table 3 ) was much higher in the E.H. stations at both surface and the near bottom water layers. This phenomenon is well known for coastal waters (RAO & MOHANCHAND, 1988) 
dance at the open sea station was 3.1 x 10 6 and 2.5 x 10 6 Units. l -1 in the surface and near bottom layer, increased at the E.H. stations to reach respectively an average of 4.3 x 10 6 and 3.4 x 10 6 Units.l -1 (Table 3) . As shown in Table 3 HALIM, 1990 ) and 1990 -91 (HUSSEIN, 1994 and less than that recorded during 1991 -92 (ZAGHLOUL, 1995 (Table 4) . This may be attributed to the reduction of sewage outfalls discharging into the E.H. It is further confirmed by the low number of fresh water phytoplankton species, recorded in the harbour during the present study.
Concerning the percentage frequency of Bacillariophyceae to the total phytoplankton density in the Eastern Harbour, this class formed about 92% of the total community during 1972 -73 (SULTAN, 1975 . This ratio decreased to 66% during 1986-87 due to the more frequent presence of other species of Dinophyceae or Cyanophyceae and it reached 24% in 1991-92. Then it rose to 88.7% during the present study; this is presumably attributed to the stress of eutrophication on the community structure.
Although numerous species were recorded in the E.H. stations, few of them formed the main bulk of phytoplankton abundance (Table 5 During 1991 -92 ( ZAGHLOUL, 1995 , S. costatum was widely distributed in the Mediterranean Sea with a maximum occurrence in spring (WAWRIK, 1961) . The occurrence of S. costatum gives an indication of eutrophication (MIHNEA, 1985) . Rhizosolenia fragillisma one of the most dominant species, is presumably carried into the E.H. by inflowing sea water (ZAGHLOUL & HALIM, 1992) . The genus Chaetoceros is dominated by Chaetoceros curvisetus has been, frequently recorded in the E.H in the past (HALIM et al., 1980) . The genus Nitzschia was dominated by Nitzschia serriata. The members of the genus Nitzschia are highly eurythermic and flourished well at temperatures ranging between 10AE C and 27AE C (GOLDMAN, 1977) . This explains the non-dependence of the genus growth on temperature variations. Nitzschia serriata, gives an indication for eutrophication (REVELANTE & GILMARTIN, 1985) .
Distribution and monthly variations
Phytoplankton abundance was recorded at most stations particularly stations 5 and 6 (4.81 x 10 6 and 4.84 x 10 6 Units.l -1 respectively). This is may be due to the effect of exchange water through Boughaz El-Silisila (St. 5).
Higher phytoplankton density at St. 5 and 6 is attributed to lower counts of zooplankton (ZAKARIA, 2006) Units.l -1 at the surface and 6.2 x 10 6 and 4.5 x 10 6 Units.l -1 at the near bottom water layer, respectively) in addition, the main component was similar since Bacillario- ). This is mainly attributed to low silicate concentration (1.71 ÌM), low water temperature (17.7AEC) and high water salinity (38.39 psu) (EL-GEZIRY & MAIYZA, 2006) . At the open sea station lower phytoplankton density (3.1 x 10 6 Units.l -1
) was accompanied by the dominance of Copepods outside the harbour (ZAKARIA, 2006) .
In 1972-73 in the absence of Nile bloom, the spring bloom became the major one with its minimum recorded in October 1972 (SULTAN, 1975 , as happens regularly in most Mediterranean localities. During the period from 1977 to 1978 (HALIM et al., 1980) , the quantitative cycle of phytoplankton reflects both the absence of the Nile outflow in autumn and the increased eutrophication, which does not follow any seasonal trend. Instead of a bimodal cycle, it is characterized by successive blooms; blooms occurred in early and in late spring, in early and late summer and in mid-winter. In 1986-87, blooms occurred all the year round except during mid-winter (mixing period) (ZAGHLOUL & HALIM, 1990) . During 1990 -91 (HUSSEIN, 1994 ) the blooms were observed in July and September 1990.
Apart from these two peaks, other small ones were observed during January, April and June 1991 . In 1991 -92 (ZAGHLOUL, 1995 , blooms occurred throughout the year except in winter and late spring. In the present study and after closing the eleven outlets, a pronounced high peak appeared during March with standing crop 7.6 x 10 6 Unit.l -1 at the surface and 6.2 x 10 6 Unit.l -1 at the near bottom water layer.
As shown in Figure 2, Phytoplankton structure and environmental parameters Phytoplankton growth depends on the level of nutrients in the marine ecosystem. In the present study the phytoplankton abundance was negatively correlated with all measured nutrient salts, NO 3 (-0.59), NO 2 (-0.35), ammonia (-0.28), PO 4 (-0.34), silicate (-0.33) indicatingt eutrophication phenomena in the E.H.
The response of planktonic food webs to nutrient enrichment in coastal marine ecosystems varies widely worldwide due to the broad range of both direct and indirect effects of the eutrophication process. However, the response of ecosystems to an increase of nutrient load differs widely because biological control mechanisms of the eutrophication process are not always the same (RAYMONT, 1980) . The corresponding regression equations were developed at the surface water layer of the E.H stations to investigate the possible correlations between phytoplankton abundance and the environmental conditions during different years (Table 6) . These equations illustrate that the environmental factors which affect the magnitude of the phytoplankton standing crop vary from one year to the other according to the amounts of waste water discharged into the E.H.
In conclusion, the Eastern Harbour is a eutrophic bay characterized by a relatively high concentration of nutrients, heavy phytoplankton density especially in the surface layer and a high percentage frequency of diatoms. The seasonal cycle of phytoplankton is different from one month to the other according to the prevailing environmental factors. 
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